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摘        要 



































































PtRu/C催化剂时，工作温度为 80 ℃，膜电极有效面积 4 cm2的DMFC的 大功率
密度为 113 mW/cm2，此时电池电压为 0.30 V，电流密度为 375 mA/cm2。寿命测




























































  Direct methanol fuel cell (DMFC) has long been known as a useful 
energy-converting device via electrochemical reaction, which is modified from proton 
exchange membrane fuel cell (PEMFC). They were increasingly being considered for 
low to medium power applications due to the elimination of the fuel processor, light  
weight and small volume. Moreover, methanol as the fuel was considered to have 
several advantages over hydrogen because it is a relatively cheap fuel and easy to be 
stored and transported. To make DMFC a viable technology for commercialization, 
this dissertation mainly focuses on the synthesis and mass production of traditional 
catalyst for DMFC, investigating new cost-effective catalyst for future DMFC 
applications, and fabricating key components such as membrane electrode assembly 
(MEA) through innovative techniques and engineering solutions.  
  In the first part of this dissertation, we systematically investigated key parameters 
in impregnation reduction method to control the Pt particle size and dispersion. Based 
on the experimental results, there was no essential relationship between the 
concentration of Pt precursor and the size of resulted Pt particles. The reducing agent, 
such as formaldehyde, KBH4, methanol, N2H4, with higher reducing power leads to 
smaller particles and higher dispersion. On the other hand, the reductants with lower 
reducing power, such as ethanol, iso-propyl alcohol, result in bigger particles and 
poorer dispersion. Moreover, higher synthesis temperature will lead to smaller Pt 
particle size, and the most favorable synthesis temperature was found to be 95 oC. In 
addition, the effect of pH value during impregnation was also investigated. It was 
found that the influent of pH value on the Pt particle size was more profound 
compared with the effect of temperature and reductant. In the case of using KBH4 as a 
reducing agent, the favorable pH was below 4, and in the case of using methanol, 
N2H4 and formaldehyde as reducing agents, the favorable pH should be higher than 8. 
The characterization of as-prepared 40wt% Pt/C with XRD (X-ray Diffraction) and 
TEM (Transmission Electron Microscope) showed that the catalyst has well-dispersed 
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prepared catalyst was tested by cyclic voltammograms both in 1 M H2SO4 and 0.5 M 
H2SO4+ 1 M CH3OH. The results indicated that the prepared catalyst showed 
comparable electrocatalytic activity with the commercial catalyst. Secondly, by using 
the above-mentioned synthetic parameters, a new and highly reproducible method 
based on the flow injection (FI) technology was developed to synthesize the Pt/C and 
PtRu/C automatically. This method was proven to be a good fit for the mass 
production of Pt/C and PtRu/C, and it also demonstrated several benefits over 
traditional techniques. These benefits include effective reaction, raw material saving, 
reproducibility , and laborsaving. 
  One of key barriers to commercialize DMFC is the high cost of membrane 
electrode assembly (MEA). The price of proton conductive membrane and bipolar 
plate can be greatly reduced by mass production, but the reduction of catalyst’s cost 
would be limited owing to the fact of the usage of precious metals, such as platinum 
and ruthenium. Therefore, the enhancement of surface atom at high platinum loading 
or platinum black is an important research direction in the development of DMFC 
applications. Before the non-precious catalyst was discovered, an attractive route to 
utilize as many platinum surface atoms as possible is to synthesize hollow 
nanoparticles which have the advantage of low density that would save material costs 
compared with the solid nanoparticles. In the second part of this dissertation, we have 
successfully prepared smaller PHSs (Platinum Hollow Spheres) with diameter 
approaching 8 nm. The PHSs formed were characterized by TEM, SEM (Scanning 
Electron Microscope), XRD, and XPS (X-ray Photoelectron Spectroscopy). The 
results confirmed that the PHSs were in hollow structure and the platinum was 
predominately in metallic form. Both the effect of preparation conditions on ultimate 
PHSs’ diameter and the mechanism for the formation of PHSs at high temperature 
were discussed.  The PHSs can be synthesized by the replacement reaction between 
PtCl62- and Co nanoparticles in the presence of citric acid at the temperature as high as 
95 oC. When sufficient PtCl62- was added to the cobalt nanoparticles, it will be 
preferentially reduced by metallic cobalt and result in hollow sphere. The function of 















Moreover, the electrocatalytic activity of PHSs was evaluated by cyclic 
voltammograms method together with PHSs synthesized at room temperature and 
commercial platinum black supplied by E-Tek. The result demonstrated that the PHSs 
catalysts synthesized at 95 oC would have a huge potential for fuel cell applications. 
 To improve the reproducibility of MEA (Membrane Electrode Assembly) 
manufacturing processes, a coating apparatus controlled by 80C51 single chip 
microcomputer (SCM) and stepping motor was developed in house. The proven 
highly precise coating process greatly improved the reproducibility of MEA 
performance. Meantime, a liquid-feed direct methanol fuel cell was investigated in 
detail by focusing on the fabrication of active electrodes in cathode compartments 
through using the above-mentioned coating apparatus. With catalyst loading 
calculated to 1mgPt/cm2 and 2mgPtRu/cm2 by using 40wt% Pt/C and 40 wt% PtRu/C 
as cathodic and anodic catalyst respectively, the ultimate peek power densities of 113 
mW/cm2 was recorded for a 1 M methanol feed at a current density of 375mA/cm2 
and an operating temperature of 80 oC.  
  In this work, a systematical investigation was conducted to control the Pt particle 
size and dispersion in impregnation reduction method for the synthesis of highly 
dispersed Pt/C and PtRu/C catalysts. An FI technology was applied to synthesize the 
above-mentioned catalysts at the first time to our knowledge. This method has 
overcome the shortage of traditional ways that are unable to facilitate reaction 
effectively, save raw materials, reduce labor cost, and improve reproducibility. In the 
research of new catalyst for DMFC, we have prepared the PHSs with diameter below 
10 nm at the first time and used as a potential catalyst to test its methanol 
electrooxidation. Finally, we have developed a coating apparatus to improve the 




























燃料电池的起源可以追溯到 1839 年[1,2]，英国的W. R. Grove爵士用铂黑作为
电极，用氢气作为燃料、氧气作为氧化剂第一次报道了燃料电池有关的研究发明。












































     燃料电池常用的燃料可以是气体（氢气、甲烷、重整气甚至是别的碳氢化
合物燃料等）或液体（甲醇、甲酸、乙醇等）；常用的氧化剂为氧气或净化过的
空气等。 
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由于燃料电池实际过程是不可逆的，所以燃料电池的实际能量转化效率为： 
燃料电池实际效率（％）＝ %100×ΔH













（Alkaline Fuel Cell，AFC）、磷酸型燃料电池（Phosphoric Acid Fuel Cell，PAFC）、
熔融碳酸盐燃料电池（Molten Carbonate Fuel Cell，MCFC）、固体氧化物燃料电
池（Solid Oxide Fuel Cell，SOFC）、质子交换膜燃料电池（Proton Exchange 
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